Several isolates of Rhizobium fredii were examined for their serological relatedness to each other, to Bradyrhizobiumjaponicum, and to other fast-and slow-growing rhizobia. Immunofluorescence, agglutination, and immunodiffusion analyses indicated that R. fredii contains at least three separate somatic serogroups, USDA 192, USDA 194, and USDA 205. There was no cross-reaction between any of the R. fredii isolates and 13 of the 14 B. japonicum somatic serogroups tested. Cross-reactions were obtained with antisera from R. fredii and serogroup 122 of B. japonicum, Rhizobium meliloti, and several fast-growing Rhizobium spp. for Leucaena, Sesbania, and Lablab species. The serological relationship between R. fredii and R. melioti was examined in more detail, and of 23 R. melioti strains examined, 8 shared somatic antigens with the type strains from all three R. fredii serogroups. The serological relatedness of R. fredii to B. japonicum and R. meliloti appears to be unique since the strains are known to be biochemically and genetically diverse.
MATERIALS AND METHODS
Bacterial strains, sources, and maintenance of cultures. The strains used in this study and their sources are listed in Table  1 . All strains were maintained on yeast extract-mannitol (YEM) agar slopes (27) or as lyophilized cultures. Agar slants used for the maintenance of fast-growing rhizobia * Corresponding author. t Present address: The Nifl'AL Project, Paia, HI 96779. contained 0.05% CaCO3. All cultures were incubated at 280C.
Antigen preparation. For ID, antigens were prepared from cells grown on the surface of B5 (10) agar medium. Rhizobium cells were harvested from 30-ml agar flats after 3 days of growth, whereas the bradyrhizobia were harvested after 7 days. Cells were suspended in 2 to 3 ml of 0.85% saline (containing thimerosal at a final concentration of 1:10,000) and stored at 40C until use. For immunofluorescence (IF) and AG studies, antigens were prepared from cells grown in YEM liquid medium for 2 to 3 days. Somatic cell antigens for injections and for IF and AG studies were prepared by heating cell suspensions in a boiling water bath for 30 mim.
Preparation of antisera. Boiled cell suspensions were used to produce somatic cell antisera by the method of Schmidt et al. (22) . For whole-cell antisera, the same rabbits used for the production of somatic antisera were injected intramuscularly with 1 ml of a 1:1 mixture of unboiled cell suspensions and Freund complete adjuvant (Difco Laboratories, Detroit, Mich.). After 3 weeks, 2 ml of the same culture was injected intravenously without adjuvant. All rabbits were bled 1 week after the last injection, provided that titers were greater or equal to 1,280. IF analyses. FA were prepared against the somatic cell components of R. fredii USDA 192, USDA 193, USDA 194, USDA 201, USDA 205, and USDA 214 according to procedures described previously (22) .
Smears from pure cultures and nodules were stained by the method of Schmidt et al. (22) The cross-reaction of FA-stained strains was assessed by subjective evaluation of the relative intensity of fluorescence, from 0 to 4+, with 4+ being the brightest. ID analysis. ID of whole-cell and somatic cell antigens was done by a procedure modified from that of Vincent (27) . Cell suspensions containing 1010 to 1011 cells per ml were added to the outer wells (6-mm diameter) of petri dishes containing 20 AG reactions. Tube AG reactions were performed essentially as described by Vincent (27) . Antisera were diluted to a final concentration of 1:100 unless titers were to be determined, in which case antiserum concehtrations were adjusted by using serial twofold dilutions in saline (0.85% [wt/vol] NaCl). Tubes were incubated at 37°C for 12 to (192, 193, and 194) were also tested with other rhizobia and bradyrhizobia ( Table 4 . The R. fredii strains could not be separated into serological groups based on their ID reactions with whole-cell antisera. All the strains examined shared at least one heat-labile antigen. However, they could be separated into three distinct serogroups based on ID reactions with the three somatic antisera (Fig. 1) . These were the same groups that were found with FA. The ID patterns obtained with whole-cell antisera were quite complex and involved at least four precipitin bands, whereas reactions with somatic antisera produced one to two ID bands. a Reactions were performed at antiserum dilutions of 1:100. The crossreactions of strains were assessed by subjective evaluation of the relative degree of AG, from 0 to 3 +, with 3 + representing complete AG.
I None of the strains in group 4 reacted with any tested antisera.
three whole-cell antisera, but produced only one precipitin band when somatic cell antiserum from strain USDA 205 was used. AG reactions. When 11 R. fredii strains were tested for AG reaction with somatic antisera produced against 15 Dowdle and Bohlool (6) have reported that only 9 of 15 R. fredii isolates they examined cross-reacted with these three somatic antisera, suggesting the existence of other serological groups in this species. Others (11, 19, 24, 29) (5, 18) and show how the immunological distinctiveness of B. japonicum has been proved invaluable for ecological studies.
The R. fredii strains also showed some serological relatedness to other fast-growing rhizobia, with R. fredii antisera cross-reacting with R. meliloti and isolates from Leucaena, Sesbania, and Lablab species. Trinick (26) also noted AG of R. meliloti by antisera prepared against a fast-growing isolate from Leucaena species. Since somatic antigens are considered to be relatively specific among the root nodule bacteria, further taxonomic research seems warranted to determine whether R. fredii is closely related based on other important criteria. That is, R. fredii may be part of a taxonomic group that includes strains from diverse legume hosts.
The serological relationship between R. fredii and R. meliloti, as evidenced by ID and AG reactions, is significant since all taxonomic evidence (13, 15, 28) , including serology, indicates that R. meliloti is unique among rhizobia and deserves separate species status. In addition, a relationship between R. fredii and R. meliloti has also been noted by Wedlock and Jarvis (30) based on studies with rRNA-DNA hybridizations and DNA-DNA homologies.
In summary, despite the similarity with B. japonicum for legume host specificity for nodulation and nitrogen fixation, R. fredii is clearly more related to members of the genus Rhizobium, based on microbiological criteria (21, 23, 25) . In addition, some of the strains of R. fredii have somatic antigens in common with the genus Bradyrhizobium (not necessarily the same antigens) and thus might represent an evolutionary link between the two divergent groups of organisms.
